A study is carried out to investigate the effects of driving environment on the mental workload of train drivers while driving. The driving task is performed under three environmental conditions, i.e. clear sunny day, rainy day and rainy night driving. Electroencephalography (EEG) measurements are recorded from the Fz and Pz channels of fifteen male subjects aged between 24 to 48 years old. The mean alpha power is monitored as a function of time as this signal reflects the variations in mental workload of the drivers. The results exhibit that the signal pattern for rainy night driving condition is significantly different compared to others. This finding indicates that the train drivers show an increase in mental workload after six minutes of driving under rainy night condition. The results demonstrate a percentage difference in mean alpha power of 37% between daytime and rainy night driving conditions during the early periods of driving. This indicates that the mental workload of train drivers tends to be low with an increased level of sleepiness under such conditions, which are signs of low vigilance.
Introduction
Having an appropriate level of mental workload is important for human operators due to the fact that each individual is expected to perform specific tasks according to expectations. According to Hwang et al. [1] , the performance indicator for most human operators will degrade if the mental workload is either too high or too low. Human operators may suffer from delays in information processing and they may be unable to respond to the incoming information when the capacity to process information exceeds the maximum limit [2] . It is also stated that human operators will become bored with an increased tendency to make mistakes when their mental workload is significantly lower than the appropriate level. Almost 75% of all train accidents can be associated to human error [3] . For example, in India, BBC News India reported on 22 nd May 2012 that 24 people were killed and 25 were injured after a passenger train collided with a stationary goods train which was said to be caused by carelessness of the train driver who overshot a communication signal.
The primary principles of train driving are essential for safety and performance [4] . One of these principles is that the drivers must be able to maintain sufficient attention in order to monitor the incoming information as well as changes in the predicted environment. The train drivers are expected not to suffer from boredom and they must remain fully alert at all times. Furthermore, the train drivers are expected to be able to see and reach all equipment related to monitoring, controlling and receiving feedback. The control panel of the train is involved in such situations and therefore its design should ease train drivers in fulfilling the required task [4] .
A driver's workload can be described as the relationship between the driver and the driving task. Parkes [5] stated that the primary task of a driver is the safe control of the vehicle within the traffic environment. Ergonomists are concerned with the drivers' mental workload since information overload may lead to distractions while driving [6, 7] . According to De Waard [8] , there are a number of factors that influence the driver's workload, in which several are environmental factors.
A number of studies were devoted on investigating the influence of mental workload after realizing the significance of this human factor. Physiological measurements are known to be effective methods to evaluate mental workload [1, 2, 9, 10] and Electroencephalography (EEG) is shown to be an accurate method for quantitative measurements of human performance [2, 10, 11] . Based on a comprehensive review on related works in this area, it is found that most studies primarily used EEG to monitor the driving performance of road drivers [12, 13] and there are a limited number of studies which used EEG to measure the mental workload of train drivers. Owing to the importance of investigating the mental workload of train drivers, this study is aimed to investigate the effects of driving environment on the mental workload of train drivers while driving, in which EEG is implemented for this purpose.
Methodology

Subjects
Fifteen train drivers (male) were recruited to participate in the experiment, aged between 24 to 48 years old (40 ± 6.9 years) and working experience of 14 ± 6.1 years. Each participant has a valid train driving licence and is free from serious illnesses and medications which would otherwise limit the compliance of subject requirements and influence the physiological measurements.
Apparatus and Materials
The brain activity of each participant was recorded using EEG BIOPAC MP150 System equipped with AcqKnowledge 4.0 software as well as Electrode Cap (CAP100C). The electrooculogram (EOG) was used to detect the presence of eye blinks in the EEG data.
Experimental Procedure
The experiments were carried out in a room which consists of a computer-based train driving simulator (Mitsubishi Electric Advance, Japan) provided by Keretapi Tanah Melayu Berhad (KTMB). The participants' demographic data are collected prior to initiating the driving task. Three sessions were conducted to simulate three driving conditions, one session for clear sunny day, rainy day and rainy night, respectively. The participants were requested to complete 60 minutes of monotonous train driving session, in which each session has a total duration of 20 minutes. The measurement procedure was repeated for each session, and the participants were given a 5-minutes break after each session. The participants were required to complete all three driving sessions and they were given a few minutes to familiarize themselves with the controls and the experimental setup in order to perform the train driving task.
Electroencephalography (EEG) Data Collection and Analysis
The EEG (Figure 1 ) records the brain signals during the monotonous driving sessions. The EEG signals were acquired from the F Z (intentional and motivational centres) and P Z (perception and differentiation) electrodes, based on the international 10-20 electrode placement system [13] with an electronically linked earlobe reference as in Figure 2 . The EOG measurements were carried out by placing the electrodes above and below the eyes on the right side of the head.
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The EEG alpha band is defined as the frequency between 8 -13 Hz. The first 120-seconds intervals of the physiological signals from the beginning of each period were excluded from the analysis in order to eliminate drifts. The mean alpha power values were computed over a period of 3 minutes, corresponding to one time interval. It is known that EEG data are susceptible to noise (i.e. eye movement artefacts in this case) at numerous points during the recording process [9] and the EOG data were used to remove these artefacts as a measure of the blink interval. Fast Fourier Transform (FFT) analysis was performed to extract and estimate the mean alpha power at each time interval and the data were smoothed using a 100% Hanning window. The Friedman Test was used to analyze the significant difference between the mean alpha power data for the three train driving sessions (S1, S2 and S3) over a total period of 18 minutes, corresponding to 6 time intervals.
Results
EEG Mean Alpha Power for Train Driving Task
It is found in this study that the driving conditions have a significant impact on the EEG's mean alpha power range (8) (9) (10) (11) (12) . The mean alpha power values for each subject were extracted and plotted into a graph, as shown in Figure 3 . It can be observed that the mean alpha power initially decreases and then increases dramatically until the final time interval for Session 1 (i.e. clear sunny day driving). The results show that the mean alpha power increases slightly with time for Session 2 (i.e. rainy day driving), whereas the mean alpha power begins to decrease after the second time interval for Session 3 (rainy night driving). Figure 2 : Labels for points according to the international 10-20 placement system [14] .
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Comparison of Mean Alpha Power between Driving Conditions
The mean alpha power values for the three driving conditions are compared and the statistical results. At P < 0.05, it is considered as significant difference. The difference in mean alpha power values at the F Z and P Z locations is found to be statistically significant for the three driving conditions, whereby, χ 2 (2) = 6.333, P = 0.042. It can be seen that there is a significant difference between the driving conditions for the F Z and P Z measurement channels. The result reveals that the mental workload is different for each driving condition, particularly for rainy night condition.
Discussion
Alpha Activity and its Significance on Mental Workload
In this study, the mental activity of human operators is investigated via experiment, whereby each participant is required to drive under three environmental conditions (i.e. clear sunny day, rainy day and rainy night). It can be observed that the driving task imposed upon each train driver results in different levels of mental workload during the driving sessions. It is known that a person's level of alertness and attention will be reduced if the person is under-loaded [15] , which lead to distractions and diversion of attention, as well as insufficient capacity and time for information processing. Variations of the EGG signals throughout the duration of the experiment are also analyzed, and the experiment clearly demonstrates the effects of driving conditions on the brain signals.
Comparison between driving conditions reveal that there is a significant difference in the mean alpha power for the F Z and P Z channels (P = 0.042). This indicates that the alpha activity can be used as a parameter to differentiate the mental workload for each task. The results support the findings of Ryu and Myung [2] , which show that the value of alpha can be used to distinguish the difference between levels of difficulty for the tasks. For Session 1, the mean alpha power is found to be low between the initial and middle stages of the experiment, as shown in Figure 3 . This may be attributed to the tendency of the train drivers to focus more and engage with the task [16, 17] . The results show that the drivers exhibit a high level of calmness towards the end of the driving session, particularly for clear sunny day condition, as reflected by the drastic increase in alpha activity. It may be possible that the train drivers feel more relaxed towards the end of the session. However, the results contradict with the findings of Myrtek et al. [18] which show that the mental workload increases during the "start" and "braking" modes of driving.
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Implications on Occupational Health
It can be clearly observed from the EEG results that the trend is significantly different for Session 3 (i.e. rainy night driving), compared to Sessions 1 and 2. In Sessions 2 and 3 which involve rainy conditions, it is observed that the mean alpha power decreases between 6 -9 minutes, corresponding to a time interval of 2 and 3. This reveals that the train drivers experience an increase in mental workload after 6 minutes of train driving under rainy conditions, regardless whether it is day or night.
The results also reflect the level of sleepiness amongst the train drivers. It has been shown that night driving induces a higher level of sleepiness [19, 20] . In this study, the results show a percentage difference in mean alpha power of 37% between rainy day and rainy night conditions during the early periods of driving. In practice, it is extremely dangerous for train drivers to feel sleepy, or in worse cases, to doze off while working. Therefore, the work schedule or duty roster needs to be specifically and carefully prepared for train drivers such that the drivers can arrange their sleeping hours before reporting for duty. According to Budi et al. [3] , there is a distinct relationship between railway accidents and locomotive crew during work shifts. Furthermore, a well-organized work schedule will enhance the motivation of train drivers in carrying out their tasks, which in turn increases productivity and enables them to provide excellent service. McAuliffe et al. [21] highlighted that an effective work schedule is important to increase the motivation and satisfaction of workers.
Conclusion
In this study, the mental workload of train drivers is investigated under three driving conditions, namely, clear sunny day, rainy day and rainy night driving. The mean alpha power indicates a significant difference in the intentional and motivational centres of the train drivers. Furthermore, the mean alpha power also contributes to activity of perception and differentiation, indicating that mental workload load is different for each driving condition. The results reveal that the mean alpha power values are higher during rainy night condition, which indicate that the train drivers experience reduced levels of vigilance. The EEG measurements taken at the P Z locations (i.e. points that contribute to the primary visual perception of humans) show a decrease in mental workload towards the end of the driving period for rainy night condition, which clearly indicates an increased level of sleepiness. It can be deduced from this study that driving under rainy night conditions results in higher levels of sleepiness and lower levels of alertness, and therefore it is imperative for the management level of the organization to design working environments that will reduce the risk of unfortunate circumstances such as accidents due to inappropriate mental workload of the train drivers. The findings of this study can be utilized to manage work schedules effectively and to improve the working conditions of train drivers. Hence, ergonomics can be practised on a broader perspective, ensuring an excellent balance between the organization as a whole, its people, working practices and technology.
